In this study, CoFe2O4 as a highly efficient and eco-friendly catalyst has been developed for three component one-pot synthesis of lophine as the representative of multisubstituted imidazoles. The present methodology offers several advantages such as excellent yields (99%), short reaction times (10 min) and environmentally mild reaction conditions (500C). Moreover, the catalyst was separated easily by an external magnet and reused several times without significant loss of catalytic properties.
Introduction
Metal oxide catalysts as solid catalysts are good candidates in the fields of materials science and synthesis [1] [2] [3] [4] . In addition, mixed metal oxides were found to be better than the ordinary oxides in terms of catalytic activity in different reactions, nature of active sites, and high surface area [5] [6] [7] [8] [9] . Mixedoxides, due to having remarkable tunable surface properties are the ideal choices for many organic transformations such as oxidation, cycloaddition, and acid-base reactions [10] [11] [12] .
N-Heterocyclic compounds such as imidazoles are one of the most important heterocyclic compounds witch found in a wide range of natural products. Multisubstituted imidazoles are biologically active compounds which play important roles in biological process.
Numerous activity of multisubstituted imidazoles were reported in literatures. For example these compounds can act as therapeutic agents [13] , ionic liquids [14] [15] [16] , antiinflammatory [17, 18] , and antimicrobial reagent [19] [20] [21] [22] .
In recent years, various methods have been reported for synthesis of these compounds [23, 24] . However, most of these methods have one or more disadvantages, such as long reaction times, low yields, the use of dangerous reagents or expensive equipments, and often difficult work-up. Among these, one-pot multi-component reactions (MCRs) are the valuable strategy.
MCRs are attractive due to their simplicity, high efficiency, short reaction time, and the reduction of side products. [25] [26] [27] [28] [29] . In this reaction, several http:// echemcom.com
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Page | 428 available compounds simultaneously react in one container to produce a product that contains most of the atoms of the raw materials. This reaction has been carried out at the presence of various catalysts including, sulfamic acid [30] , catalyst-free conditions [31] , [TBA]2[W6O19] [32] , SiO2-OSbCl2 [33] , N-Bromosuccinimide [34] , urea/hydrogen peroxide [35] , ionic liquid 1-n-butyl imidazolium tetrafluoroborate ([Hbim]BF4) [36] , iodine molecule [37] , recyclable g-C3N4 nanocomposite [38] , Tetrabutylammonium bromide (TBAB) in isopropanol [39] , and BiFeO3/CuWO4 [40] .
We used magnetic nanocatalyst cobalt ferrite as a heterogeneous mixed oxide catalyst due to its efficient catalytic properties, high available catalytic surface, and easy separability from the reaction mixture [41] [42] [43] [44] [45] .
Many preparation methods for CoFe2O4 nanoparticles have been reported, such as the ball milling, coprecipitation, hydrothermal synthesis, sol-gel, and reaction in a micro-emulsion [46, 47] . In this study, CoFe2O4 nanoparticles was synthesized using the co-precipitation technique. The synthesized material was used as green catalyst for one-pot three component synthesis of lophine as the representative of multisubstituted imidazoles and compared with the reported results from other catalysts. The results revealed that, lophine was produced in high yields and short reaction time. The catalyst was separated easily using an external magnet. In addition, the recycled catalyst was reused several times without significant loss of catalytic properties.
Experimental

General
All the chemicals were analytical grade and used without purification. Crystal structure of nanocatalyst was evaluated using a Bruker make diffractometer, Cu-K X-rays of wavelength (=1.5406 Å). The XRD patterns were recorded in the 2 range of 10-90 o with a step width of 0.02 s -1 . Melting point was measured using an Electrothermal-9200 melting point apparatus. IR spectra were measured on FTIR-6300 spectrometer (KBr). 1 HNMR spectra were recorded on Bruker ADVANC DRX 400 spectrometer, using DMSO as solvent.
Synthesis of magnetite nanocatalyst
CoFe2O4 were prepared using the coprecipitation method. In a typical reaction, Co(NO3)2.4H2O and FeCl3.6H2O with the molar ratio of 1:2 were dissolved in deionized water (100 mL) and stirred at room temperature for 30 min. In addition, polyethylene glycol (average molecular weight: 4000, Qualigen) as a surfactant poured into the above mixture. Finally, the ammonia solution (25%) was added dropwise and mixed with high stirring. The final pH of the mixture was about 8. The mixture was kept under vigorous stirring at 60 o C for 1 h. The obtained precipitate were dried at 80 ºC and calcined at 450 o C for 3 h. The structure of the magnetic nanoparticles was studied using the Xray diffraction (XRD) analysis.
Synthesis of lophine
A mixture of benzaldehyde (1 mmol), benzoin bis-aryl diketone (1 mmol) and ammonium acetate (4 mmol) in ethanol (10 mL) in the presence of (0, 2, 5, 7) mol% CoFe2O4 nanocatalyst was stirred at rome temperature, 50 °C, and 80 °C. The progress of the reaction was monitored by TLC (n-Hexan: Ethyl acetate 4:1). After the reaction completed, the catalyst was separated using an external magnet. Then, 50 mL cold water was added to the reaction mixture and collects the precipitate by filtration. The crude product was dried and recrystalized from acetone: water (9:1). The white crystals (Figure 1) 
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Results and discussion
The X-ray diffraction pattern of synthesized CoFe2O4 treated in 450 o C is demonstrated in Figure 2 . The XRD pattern exhibited strong diffraction peaks at 25.25°, 37.76°, 48.00°, 54.38°, 57.22°, 62.85°, and 74.32° corresponding to the 220, 311, 400, 422, 511, 440, and 533 lattice planes. It is observed that all the peaks perfectly matched with the standard pattern (ICSD-00-022-1086). This confirmed the formation of single phase and pure CoFe2O4 with the expected cubic inverse spinel structure with Fd3m space group and without any impurity phase. The crystallite size of the nanoparticles was calculated using the modified Debye-Scherrer equations [48] . The crystallite size of the nano-particles was found to be 10 nm.
We have used CoFe2O4 nano catalyst to synthesize lophine trough one pot three component condensation of benzoin, benzaldehydes and ammonium acetate. The pure product was obtained by simple filtration of the cooled reaction mixture. The structure of the synthesized lophine was ascertained using melting point (mp), Fourier transform-infrared spectra (FTIR), and 1 H Nuclear magnetic resonance (NMR) spectral techniques. The results were in good agreement with the previous literature reports. To get accurate results, we arranged further experiments to determine the effect of the catalyst amount and temperature on the rate and efficiency of the reaction. The results are presented in Table 1 . As seen in Table 1 , increasing the temperature reduced the yields. This can be duo to formation of the undesirable side products. Moreover, it is observed that, higher amount of catalyst facilitated the reaction, led to higher yield. As can be seen in Table 1 , 5 mol% catalyst exhibited the highest yield. It should be noted that, further increase in the amount of the catalyst did not have any significant effect on reaction time and yield. Therefore, the best amount of catalyst was 5 mol%. Table 2 compares the recent method with reported methods in the literature [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . As shown in Table 2 , this catalyst produced the purest product with the highest efficiency in the least time and temperature of reaction, making this method a useful and attractive strategy in view of economic and environmental.
Conclusion
In this work, cobalt ferrite nanoparticles were successfully synthesized using the co-precipitation method and thermally treated at 450 ºC for 3 h. XRD analysis revealed that, CoFe2O4 nano composite formed into pure and single phase cubic spinel structure. The novelty of this research study was using the CoFe2O4 as a cheap, nontoxic, and readily separable catalyst that leads to high product yields (99%) under the mild reaction conditions (50 ºC) at the reaction times 10 min. The method offer several advantages, including the mild conditions, short reaction time, high purity (>98%) of product, Easy recoverability of the catalyst and the possibility of reusing on several times.
